We present results from a pilot study of radial stellar population trends in earlytype galaxies using the VLT VIMOS integral field unit (IFU). We observe twelve galaxies in the cluster Abell 3389 (z ≈ 0.027). For each galaxy, we measure 22 linestrength indices in multiple radial bins out to at least the effective radius. We derive stellar population parameters using a grid inversion technique, and calculate the radial gradients in age, metallcity and α-abundance. Generally, the galaxies in our sample have flat radial trends in age and [α/Fe], but negative gradients in [Z/H] (-0.20 ± 0.05 dex). Combining our targets with two similar, long-slit studies to increase sample size, we find that the gradients are not correlated with the central velocity dispersion or K-band luminosity (both proxies for galaxy mass). However, we find that the age and metallicity gradients are both anti-correlated with their respective central values (to > 4 σ), such that galaxies with young cores have steeper positive age gradients, and those with metal-rich centres have strong negative [Z/H] gradients.
INTRODUCTION
Stellar population gradients offer a valuable probe of the star formation and chemical evolution of early-type galaxies. Simple models of classic monolithic collapse (Larson 1974; Carlberg 1984) can be ruled out by the relative weakness of the observed metallicity gradients (e.g. Tamura & Ohta 2004) . Generally, age gradients are expected to be small for the short collapse times required for α-enhancement (e.g. Thomas 1999) , while the α-enhancement itself could show positive or negative gradients (Pipino, D'Ercole & Matteucci 2007) . Within the hierarchical ΛCDM models (e.g. Cole et al. 2000; De Lucia et al. 2006; Bower et al. 2006 ), merger gas content and feedback prescriptions can be investigated (Kawata & Gibson 2003; Kobayashi 2004) ; mergers would tend to dilute or erase Z/H gradients (e.g. White 1980) , although dissipation could trigger star formation at the core, creating age gradients (Barnes & Hernquist 1991; Mihos & Hernquist 1994) .
Traditionally, observational studies of radial trends in early-type galaxies have employed longslit spectroscopy in local cluster and field environments (e.g. Reda et al. 2007; Sánchez-Blázquez et al. 2007 ). In general, most studies find flat age gradients, small α-abundance gradients (either positive or negative), and large negative radial trends in metallicity.
Long-slit spectrographs generally have a good optical throughput. However, the spatial data is immediately reduced to one-dimension and is dependent on the slit orientation, with most of the light from the galaxy undetected. The use of an integral field unit (IFU), which enables both spectral and spatial coverage, allows the analysis of the entire galaxy. With careful treatment, light from the entire circumference can be binned to give radial trends unbiased by a slit orientation.
One notable use of an IFU in this field is the Spectrographic Areal Unit for Research on Optical Nebulae (SAURON) project (Bacon et al. 2001; de Zeeuw et al. 2002) . The instrument has good spatial resolution allowing the creation of maps for each measured parameter, particularly in kinematics. However, the spectral range of SAURON is limited to four useful line indices (Hβ, Fe5015, Mgb5177, Fe5270s) . From spatial maps of the iron lines, Kuntschner et al. (2006) deduce that the metallicity gradients are generally negative and are roughly aligned with the light profiles. The Hβ maps are typically flat, with a strong central peak in a few galaxies, interpreted as recent star formation activity in the core. Stellar population maps for the SAURON early-type spiral sample are analysed in Peletier et al. (2007) .
Here, we assess the feasibility of using the VLT VIsible MultiObject Spectrograph (VIMOS) IFU for studying radial trends of stellar populations by observing a small sample of early-type galaxies in the nearby cluster Abell 3389 (z ≈ 0.027). With a large future study in mind, we develop the observing strategy and analysis techniques, comparing our results with those of previous work. The paper is organised as follows: Section 2 describes the sample, observations and data reduction; Section 3 details the measurement of the gradients in the absorption lines and in the stellar populations; Section 4 analyses the stellar population gradients; Section 5 highlights our main conclusions.
OBSERVATIONS AND DATA REDUCTION

The sample and observations
We observed a sample of 12 early-type galaxies from the nearby cluster Abell 3389 (cz ≈ 8100 km s −1 ). This study was designed as a feasibility assessment for the methodology and as such, the target cluster was selected based on its low-demand RA (∼ 6 h ). Each galaxy is a confirmed cluster member and is morphologically classified as an early-type by Dressler (1980, D80) . A thumbnail image from the Digitized Sky Survey 1 is displayed in Figure 1 for each target, while Table 1 lists various fundamental parameters.
The sample spans a range of three magnitudes in luminosity, and the galaxies have effective radii of 2.1 -12.5 arcsec (1.1 -6.7 kpc). The effective radii (re) of the galaxies were measured from 2MASS J-band images. Due to the relatively small size of the target galaxies with respect to the 2MASS PSF (FWHM ∼ 3 arcsec), the apparent half-light radii required a correction. For this, we adopted the difference between the half-light radii of Sersic model fits (using galfit; Peng et al. 2002) before and after PSF convolution. Our smallest object (D61) has an apparent half-light radius of 2.9 arcsec, which was corrected to 2.1 arcsec. The uncertainty in this correction, derived from the scatter in corrections for similar sized galaxies, is ±0.1 arcsec. For larger galaxies, the PSF correction is smaller, and we estimate that the listed effective radii have an uncertainty of better than 10 per cent.
Ten of the twelve target galaxies were previously observed through 2 arcsec diameter fibres as part of the NOAO Fundamental Plane Survey (NFPS; Smith et al. 2004 , Nelan et al. 2005 . From the NFPS spectra, the only target to display line emission is D52 (EW [O iii λ5007] = 0.55Å). D52 is a bright galaxy with a 'D'-type morphology, so the emission is most likely LINER-like rather than due to star formation. The emission line ratio [Oiii]/Hβ is greater than 3 for LINER-like objects and Hγ/Hβ ∼ 0.6, as inferred from nebular emission spectra. Therefore, in our worst-case galaxy, emission decreases the Hβ and HγF absorption indices by no more than 0.2 and 0.1Å respectively. Using the Thomas et al. (2003 Thomas et al. ( , 2004 we find that this causes an over-prediction in the ages of < 5 per cent (< 1 Gyr for D52). The target galaxies were observed in October and November 2006 with the VIsible MultiObject Spectrograph (VIMOS; LeFevre et al. 2003) on the ESO VLT Melipal at Paranal. VIMOS was used in the Integral Field Unit (IFU) mode with the high resolution, blue grism. Table 2 details the instrument configuration used. Observations were made during dark time, with an average seeing of 0.7 arcsec (FWHM). Each galaxy was observed for 1730 seconds, achieving an average signal-to-noise ratio (SNR) ∼ 18Å −1 at 5000Å, for a 1 arcsec annulus at the effective radius (re). An offset sky frame with an exposure of 120 s was obtained for each target. Including overheads, a 1 hour observing block was devoted to each galaxy.
Data reduction and radial binning
Initial data reduction, from raw detector output to skysubtracted data-cube, was achieved using the ESO common pipeline (EsoRex) and the iraf routine imcombine. Each observation consists of three dithered exposures split into four quadrants, with an additional single exposure of four quadrants for the sky offset frame. For each quadrant, a sky background spectrum was calculated by taking the median over all spatial pixels in the offset exposure and then normalising, pixel-by-pixel, to the 5577Å line of the science frame. These sky spectra were then subtracted from the appropriate quadrants before performing a median combine of the three exposures. The resulting data-cubes were flux calibrated using the observed standard stars.
For each galaxy, an ellipse was fit to the broadband, wavelength-collapsed ('white') image. This ellipse formed the basis for the pseudo-isophotic annuli 2 . Working from the centre of the galaxy outwards (in steps of 0.5 arcsec), individual fibre spectra were summed in elliptical annuli, with the bin boundaries based on two criteria:
(ii) annulus width (along major axis) 1 arcsec Two exceptions were adopted: the central bin is allowed a 0.5 arcsec semi-major axis provided that the minimum SNR is achieved; the outermost bin may have an SNR < 18Å −1 if the radius is limited by the field of view. The targets have between three and seven radial bins, depending on effective radius and surface brightness. As an illustration, Figure 1 . Thumbnail images from the Digitized Sky Survey, showing a 100 arcsec square field around the target galaxies. The boxes correspond to the 27×27 arcsec VIMOS field of view, underlining how well matched our chosen galaxies are to the instrument. Table 1 . Parameters of the target galaxies in Abell 3389. ID and morphology from Dressler (1980, D80) . Positions from 2MASS. R-band magnitude from NED; K-band magnitude from 2MASS. Effective circular radius (re) calculated from 2MASS J-band images. Central velocity dispersion, σ (km s −1 ), as measured in Section 2.3 using the re/3 aperture. Figure 2 (left panel) shows the adopted bins for D60, alongside a histogram of the resulting SNRs (inset). For the same galaxy, total spectra from the five annuli within re are given in the right panel of Figure 2 . Additionally, we computed the spectra within three circular apertures:
(i) 1 arcsec radius (for direct comparison to NFPS) (ii) effective radius, re (iii) re/3 (for galaxy-to-galaxy comparison)
Velocity dispersion
The stellar kinematics (V , σ) of each galaxy were computed from the spectra of each bin, using ppxf (Cappellari & Emsellem 2004 ) and the Vazdekis (1999) evolutionary stellar population templates. These templates cover a similar wavelength range to VIMOS (we use ∼4900-5500Å for fitting) and importantly, have a higher spectral sampling (FWHM = 1.8Å) than VIMOS HR blue. Errors were calculated using 51 Monte Carlo simulations, with the 1σ intervals taken from the 8th and 42nd values after numerically sorting.
Comparing velocity dispersion measurements from the 1 arcsec radius circular aperture to NFPS, we find a good agreement with a median offset of 0.023 ± 0.008 dex (new values generally larger), and a scatter around the offset of 0.019 dex. The scale also shows reasonable consistency, with a slope of 1.02 ± 0.06.
For the galaxy with the highest total SNR within re (D60), we created maps of the kinematics (V and σ). Optimising for both SNR and spatial resolution, the data were re-binned into 16 segments of annuli, ranging from SNR∼20-35 in the centre, to SNR∼10-15 at the effective radius. The maps for V and σ (Figure 3) show that D60 has major axis rotation of ∼110 kms −1 . Unfortunately, the total SNRs within re for our other targets were insufficient for a similar analysis. A one hour exposure with VIMOS is generally unsuited to the spatial mapping of galaxies at our target redshift (previous studies of 2D absorption line kinematics, e.g. SAURON, observed galaxies an order of magnitude closer). The remainder of this paper adopts the radial binning described in Section 2.2.
Line strength measurements
Absorption-line strengths were measured from the fluxcalibrated spectra at the VIMOS instrument resolution (∼2.1Å FWHM; ∼ 50 km s −1 ) using indexf 3 . Uncertainties were calculated by indexf from the propagation of random errors (see Cardiel et al. 1998 ). We measured twenty-two atomic and molecular Lick indices in the VIMOS wavelength range (see first column of Table 3 ).
Model comparisons are performed in a relative sense, so we do not calibrate to the Lick instrumental response. However, the line indices do require corrections to account for velocity-broadening and instrumental resolution. Here, we adopt the correction method used in Smith, Lucey & Hudson (2007) , whereby the correction to zero velocity dispersion and to Lick resolution are performed in one step. Indices measured from a range of stellar population templates, smoothed to the Lick resolution, are compared to those measured from the same templates smoothed to the instrument resolution and further degraded to mimic various levels of velocity broadening. For each index, at a given velocity dispersion, this comparison gives a near linear relation between the measured and corrected index. This technique removes the need to artificially broaden the observed galaxy spectra prior to index measurement, thereby preserving the non-uniform noise properties. Table 3 compares the central index measurements from VIMOS with those from NFPS for the 10 galaxies in common. The VIMOS measurements are larger in most cases, with an average offset of 0.13Å. The χ 2 , after accounting (Nelan et al. 2005) . Solid line shows median offset; dashed line is equality. Values above each plot show the offset, χ 2 / DoF and P(χ 2 ) respectively, as in Table 3 . Given the actual scatter, the formal errors on Hβ and Mgb5177 appear under-estimated, whereas for Fe4668 they appear over-estimated.
for the sample offsets, suggests a reasonable agreement, although the errors on the indices are, in some cases, over-or under-estimated by up to 20 per cent (see Figure 4) . In Appendix A we tabulate aperture corrections derived from the integrated line strengths within two circular apertures (with radii of re and re/3).
MEASUREMENT OF GRADIENTS
Gradients (for line strengths and stellar population parameters), along with their errors, are calculated using an unweighted linear least-squares fit to all data points within the effective radius of the galaxy, with radii in log(r/re). Our choice of using log-space is not optimal for every galaxy as some targets would certainly be better fit if it were linear, i.e. r/re. The necessity of consistency dictates the use of the same radial units in every case, and the majority of the targets/parameters prefer a fit in log-space. Also in favour of log(r/re) is its adoption by previous studies of radial trends. The un-weighted fit ensures sensible results for the minority of cases which would be better suited to linear radial units.
Three of the four smallest galaxies (D48, D53, D61; effective radius < 3 arcsec) have insufficient radial bins with adequate SNR for determining gradients, and as such have not been included in the analysis. The remaining 'small' galaxy (D49) has a higher surface brightness, allowing three annuli with SNR 18 within the effective radius.
We first discuss the gradients of the absorption indices (Section 3.1). In Section 3.2 we calculate the median line strength gradients, from which we infer radial trends in the stellar population parameters, averaged over all galaxies. Fi- nally, a grid inversion technique is used to derive the stellar population gradients for each individual galaxy (Section 3.3).
Line-strength gradients
The line-strength gradients of the 22 measured indices, for each galaxy in our sample, are tabulated in Appendix B.
As an illustration, Figure 5 shows the measured linestrength gradients (against velocity dispersion) for eight of the indices. The median gradient for the lines is given in each panel. Interestingly, line indices which to first order follow the same physical property, have quite different gradients. For example, the two 'age-tracing' Balmer lines show very different gradients: HγF generally has a positive gradient (0.50 ± 0.24) while Hβ has a flat profile (-0.04 ± 0.24). This can be explained by a higher sensitivity to metallicity of the HγF index. Figure 6 compares the HγF and Hβ Balmer line gradients for each galaxy. Given the derived responses of the Balmer lines, the relation for a metallicity gradient only (no radial trend in age or [α/Fe]), is shown. Two galaxies (D43, D49) have a large offset from the predicted Balmer gradients of this simple model. The Hβ response to [α/Fe] is too small to explain the discrepancy, requiring a very large negative gradient. This suggests that these galaxies have the strongest age gradients, and given the negative age response of the Balmer lines, the age gradient is expected to be positive. We confirm this interpretation in Section 4.
Average stellar population gradients
We consider several triplet combinations of indices, each including a Balmer line, an iron line and Mgb5177. From the mean gradients of the three indices, we use the responses to solve for the average gradients in age, metallicity and α-abundance (Figure 7) . The left panel indicates that the derived age and metallicity gradients are dependent on the Balmer line/iron line combination, with a scatter in the direction of the usual age-metallicity degeneracy. The right hand panel highlights that the [α/Fe] gradients tend to compensate for the age in these models, but also shows that the [α/Fe] gradient is generally independent of which Balmer line is used. The triplets including Fe4383 and Fe4531 have the largest uncertainties, due to the large errors for the median line strength gradients used in the stellar population reconstruction.
The dependence of the derived metallicity gradients on the indices used was previously discussed in Sánchez-Blázquez et al. (2006) . These authors found that the index pair Fe4668-Hβ gave a metallicity gradient ∼0.4 dex steeper than Fe4383-Hβ, a significantly larger difference in metallicity gradient than seen in our equivalent triplets (the index pair plus Mgb5177), where the difference is ∼0.07 dex. This underlines that the inclusion of α-enhancement via the Thomas et al. models and Mgb5177 yields a higher level of consistency.
The mean stellar population gradients for the sample, as estimated from the triplets of lines, are listed in the first row of Table 4 . Generally, they support negative metallic- Table 4 . Mean stellar population gradients. The first two rows show gradients for our VIMOS sample, as derived by two methods: (1) from the median line strength gradients and index responses (Sec. 3.2); (2) individual galaxy grid inversions (Sec. 3.3). Rows 3 and 4 give gradients from Mehlert et al. (2003) and Sánchez-Blázquez et al. (2007) ity gradients, but flat radial trends for log(age/Gyr) and α-abundance.
Individual stellar population gradients
We derive stellar population parameters for each radial bin of each galaxy using a grid inversion technique (Proctor, Forbes & Beasley 2004; Smith et al. in prep.) . This involves a non-linear χ 2 minimisation over several indices, using a cubic-spline interpolation in age-[Z/H]-[α/Fe], and a linear extrapolation for points lying outside the model grid.
We use the Thomas et al. (2003 Thomas et al. ( , 2004 ) models together with eight measured indices: two Balmer lines (HγF, Hβ), five iron lines (Fe4384, Fe4531, Fe4668, Fe5270, Fe5335) and the α/Fe sensitive Mgb5177. The shorter wavelength Balmer indices (HδA, HδF) are excluded for having low SNR due to the instrumental response, and HγA is redundant as it mostly duplicates the response of HγF. The iron lines at the red end (Fe5406, Fe5709, Fe5782) are affected by the 5577Å sky line and other sky features at the redshift of our cluster.
Stellar population gradients for each galaxy are calculated in an analogous manner to the line strength gradients in Section 3.1. The stellar population gradients are listed in Appendix Table C1 and plotted for individual galaxies in Figures C1 -C3 .
RESULTS AND DISCUSSION
The distributions of log(age/Gyr), [Z/H] and [α/Fe] gradients for our sample of A3389 galaxies are shown in the top row of Figure 8 . The mean age and α-abundance gradients are consistent with flat radial trends (0.08 ± 0.08 and -0.02 ± 0.03 respectively), while the mean metallicity gradient is -0.20 ± 0.05. The age and metallicity gradients are in agreement with those derived from the mean index gradients (in Sec. 3.2), as summarised in Table 4 . The α-abundance gradients calculated by the two methods marginally disagree. The two galaxies in the most positive age gradient bin (see top row of Fig. 8 ) are D43 and D49, which supports the prediction from the Balmer line plot in Fig. 6 . 
Comparison studies
Stellar population gradients may be affected by numerous variables (environment, morphology etc.), which is likely to result in a large intrinsic scatter within the measured and derived parameters. For small samples, this can contribute to misleading conclusions. We therefore analyse our results alongside data from two previous, long-slit studies of early-type galaxies: Mehlert et al. (2003, hereafter M03) and Sánchez-Blázquez et al. (2007, SB07) , chosen due to their use of the same stellar population models. M03 observed a sample of 35 galaxies in the Coma cluster, all morphologically typed as early-type by D80. For their analysis, these authors rebinned the long-slit spectra to achieve a SNR of at least 30 out to the effective radius. Stellar population parameters were derived by an index-pair iteration technique, using Hβ, Mgb5177 and Fe = (Fe5270+Fe5335)/2, in conjunction with the Thomas et al. (2003) models. SB07 analysed a sample of 11 local early-type galaxies from a mix of environments (field, group, Virgo cluster). The authors rebinned the long-slit spectra along the axis to obtain a minimum SNR ∼ 50 out to 2re, and employed the Thomas et al. models, using a χ 2 minimisation technique on 19 Lick indices. The second and third rows of Figure 8 show the gradient distributions from these studies.
Our results agree well with those from the previous studies (see Table 4 ). In the combined sample, the individual points are not weighted by errors, so the totals are dominated by the larger (but noisy) M03 study. We have not included the early-type galaxy sample from Sánchez-Blázquez et al. (2006) in our comparisons as they use the Vazdekis (1999, and in prep.) stellar population models, which do not explicitly include α-enhancement.
We split the combined data from the three samples (VI-MOS, M03, SB07) into the two traditional early-type morphology classes (elliptical and S0). Using a Student's t-test to analyse the distributions, there is no significant difference between the classes in any of the stellar population parameters.
Stellar population gradients versus central log σ
In the following sections, we compare the gradients to central values. The central properties of our VIMOS galaxies are from circular apertures with a radius one third that of the galaxy effective radius. This allows more meaningful galaxyto-galaxy comparisons than if a fixed radius circle were used in all cases. The long-slit comparison studies measure central values as follows: M03 uses an average along the major axis inside 0.1re/ √ 1 − ǫ, where ǫ is the ellipticity (from optical imaging); SB07 employs an aperture size of 1.5 arcsec × re/8.
We explore the relation between stellar population gra- dients and the central velocity dispersion (log σ, a proxy for galaxy mass). The α-enhancement of galaxies suggests the co-requisite of small age gradients (e.g. Thomas 1999) , while the metallicity gradients are dependent on mergers and feedback processes (e.g. White 1980; Kobayashi 2004) . In a simple model, enrichment gradients depend on the galactic wind efficiency, which varies with the size of the potential well and hence the galaxy mass (Arimoto & Yoshii 1987) . Figure 9 shows the log(age) (left panel) and [Z/H] (right panel) gradients versus the central log σ. There appears to be no correlation of age gradient with log σ (slope: -0.32 ± 0.30). The same is true for the [α/Fe] gradient (not shown), which has a slope of -0.04 ± 0.08 in the combined sample. The [Z/H] gradient weakly correlates with log σ, having a slope of 0.26 ± 0.17 in the combined sample (although not not statistically significant at 1.5σ). SB07 claim a discontinuity at log σ = 2.3 (σ = 200 km s −1 ) in the trend with metallicity, which can be seen in the right-hand panel, third row of Fig. 9 . They speculate that physically, this could mark the transition between 'wet' and 'dry' mergers, caused by the interplay between in-flowing gas and the feedback processes (see also Binney 2004; Faber et al. 2007 ). Unfortunately, our VIMOS sample does not include galaxies of low enough mass to test this result. However, the turning point is not seen in the larger, but noisier M03 data (which also dominates the combined plot; bottom row in Fig. 9) .
Forbes et al. (2005), using a sample from M03 and Sánchez-Blázquez (2004), claim a 99 per cent probability of a correlation between [Z/H] gradient and log σ. Additionally, Forbes et al. find a 99.6 per cent probability of a correlation between [Z/H] gradient and the K-band luminosity (a proxy for stellar mass; from 2MASS), whereas in our combined sample we find no significant trend (Figure 10 ).
Stellar population gradients versus central values
In Figure 11 (left-hand panels) we explore the age gradient versus the central value of the age. The bottom panel, which combines the three data sets, shows the best fitting line to the data. The SB07 data illustrates why an un-weighted fit is used throughout this study: several of the galaxies from that study have quoted age gradients of 0.000 ± 0.000 as a consequence of fitting to discrete model data. In the combined sample, the age gradient has a significant correlation with the central value (4.6 σ), with a calculated slope of -0.46 ± 0.10. The un-weighted fit is dominated by the M03 sample, and the magnitude of the slope may be unduly affected by the two centrally young galaxies with large positive gradients (GMP3201 from M03; NGC2865 from SB07). Without these galaxies, the slope (and significance) is reduced to -0.20 ± 0.08 (2.4 σ).
The central panels of Figure 11 shows the analogous plot for metallicity. The un-weighted linear fit to the combined sample gives a significant trend (4.2 σ) with a slope of -0.38 ± 0.09. This general trend is readily seen in each of the individual datasets, and is noted by SB07 (albeit at 2 σ significance in their small sample). Using central values from an independent study, SB07 conclude that this trend is not due to the correlation of errors. The correlation in our combined sample would be strengthened (slope of -0.56 ± 0.12; 4.8 σ) by removing the three galaxies from M03 (GMP3329, GMP2921, GMP3561) with anomalously metal-rich centres; M03 notes that these galaxies lie outside the model grid leading to large uncertainties in extrapolation.
Generally, no trends were found between the α-abundance gradient and central properties of the galaxy. The right-hand panels of Figure 11 shows the lack of a trend between central [α/Fe] and its gradient. SB07 tentatively invoke the dichotomy at log σ = 2.3 for central α-abundance versus the gradient (third row of right-hand panel; open cir- cles for log σ > 2.3, else closed circles). However, the dichotomy is not recovered in our data, or in M03. The apparent division may be a consequence of the small sample size, with the well known correlation between central velocity dispersion and central [α/Fe] (e.g. Graves et al. 2007; Smith et al. 2007 ) ensuring that on average, the high mass galaxies lie further to the right in the plot.
In summary, the observed trends imply that galaxies with young cores have steeper positive age gradients, and those with metal-rich centres have strong negative [Z/H] gradients. Assuming stellar population gradients behave linearly out to the effective radius and continue to do so beyond it, the trends suggest that all galaxies have a similar age and metallicity (old and [Z/H] ≈ 0) at ∼ 2-2.5 re. Of the 5 galaxies in SB07 which measure [Z/H] to 2 re, four are approximately solar metallicity at this radius and the other is metal-poor. Verification of this result is beyond the scope of our current VIMOS data.
Correlation of errors
For any particular radial bin, the age and metallicity are not truly independent. The well-known degeneracy between age and [Z/H] is to an extent broken when fitting model spectra to multiple line strength indices. Here, however, the gradients in these parameters suffer from a correlation of errors.
To investigate the importance of correlated errors, we perform 10
3 Monte Carlo simulations for each galaxy in our A3389 sample. The realizations consists of a simulated age and metallicity at each radial bin, using a bivariate normal distribution derived from the error ellipse associated with the measured points. The gradients in each parameter are then calculated as with the measured data. Figure 12 (upper panel) shows the measured data as points and the simulated values represented by 1 σ confidence ellipses. The distribution of the points is parallel to the error ellipses, which is reminiscent of the age-mass-metalicity ('Z') plane (Trager et al. 2000) .
To test whether any of the scatter is intrinsic, the measured data points are projected onto the line of best fit, using the simulated ellipse major axes as a quantification of the measurement error. Hence, the distribution is reduced to one-dimension along the diagonal (Fig. 12, lower panel) . Taking the null hypothesis of no intrinsic scatter, the χ 2 is 23.69 (8 degrees of freedom) with the probability of obtaining this distribution from the hypothesis calculated as Q(χ 2 ) = 0.003.
Although there is a sizeable correlation of errors, we conclude that there is also a real intrinsic scatter in the same direction. Hence, the correlation we find between the central value and gradient of age is not merely a reflection of the equivalent trend in metallicity, and vice versa. The trends between the central value and gradient in age and metallicity are both real. 
CONCLUSIONS
Using the VIMOS integral field unit, we observed a sample of early-type galaxies in the local cluster Abell 3389. From the resulting data-cube, we measured 22 line indices in radial bins out to the effective radius, and successfully derived stellar population gradients. Our key findings are that earlytype galaxies have:
• strong negative gradients in metallicity (∼ -0.2 dex per decade in radius);
• radial trends in age and α-abundance that are consistent with zero;
• stellar population gradients not significantly correlated with the central velocity dispersion or K-band luminosity (proxies for total galaxy and stellar mass respectively);
• a strong anti-correlation between the central values and gradients of both age and [Z/H].
In a future paper we will report on an additional sample of 19 early-type galaxies in the Shapley Supercluster, observed with the VIMOS IFU. We use the integrated line strengths from two circular apertures, with radii of re/3 and re, to derive aperture corrections. These corrections should aid index line strength translations between apertures of different sizes; for example, between different multi-object spectrographs.
For each index, the median corrections [I(re) − I(re/3)] over the 9 VIMOS galaxies included in the gradient analysis (i.e. excluding D48, D53, D61) are presented in Table  A1 . Corrections are also tabulated for the velocity dispersion (as calculated in Section 2.3) and the stellar population parameters (as derived in Section 3.3). Table B1 details the measured kinematics and lines strength gradients for nine of our galaxies (excluding D48, D53, D61 which have insufficient radial bins for gradient determination; see Section 3).
APPENDIX B: LINE STRENGTH GRADIENTS
APPENDIX C: STELLAR POPULATION GRADIENTS
Figures C1, C2 and C3 show the stellar population parameters versus radius, in log(r/re), to the effective radius for all target galaxies. Table C1 lists the measured gradients for log σ, log(age/Gyr), [Z/H] and [α/Fe], for the nine galaxies analysed. Table C1 . Kinematic and stellar population gradients for the galaxies excluding D48, D53, D61. Identifications from Dressler (1980) . 
